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METHOD FOR CONTROLLING SPECIFIC
SURFACE AREA OF ALUMINA

BACKGROUND OF THE INVENTION 5

1. Field of the Invention
The present invention relates generally to a process

of production of alumina which is useful as operational
material, such as a support of catalyst or sensor and so
forth, separation and purification agent, absorption.
agent, filter medium, filler of gel chromatography and
so on. More specifically, the invention relates to a
method for controlling the porous structure of alumina
and for controlling the specific surface area thereof.

2. Description of the Background Art

As is well known, many of the properties of alumina
~ are significantly variable depending upon specific sur-
face area, when the alumina is used as operational mate-
rial, separation and purification agent, absorption agent,
filter medium, filler of gel chromatography and so on. 20
Therefore, various attempts have been made for con-
trolling the specific surface area of alumina, silica-
alumina compositions, etc. in order to obtain desired
properties.

As will be naturally appreciated, the specific surface 29
area of alumina is variable depending upon particle size
and the porous structure of the alumina particle. There-
fore, the specific surface area of alumina can be con-
trolled by controlling primary particle size and/or the
number and diameter of voids on the alumina particle. 30
In one approach, alumina particle size 1s controlled by
the pH swing method proposed in “Catalyst Chemical
Course (Shokubai Kagaku Koza)=Catalyst Design”
published by Catalyst Academy, page 132. In the pro-
posed process, aluminium salt is precipitate in a solution 35
of a mixture of bemite A 10(OH) and amorphous alumin-
ium hydroxide. Then, pH is controlied up and down for
smelting of amorphous aluminium hydroxide and grow-
ing bemite particles. In this method, the obtained alu-
mina is often conterminated by alkaline pH adjusting 40
agent. Furthermore, alumina obtained though such a
precipitation process generally has substantially low
heat resistance. In the typical case, after high tempera-

" ture treatment, such as 1000° C. for three hours, the
specific surface area will be reduced to be lower than or 45
equal to 70 m2/g. Such specific surface area is insuffi-
cient. Therefore, alumina produced through the precip-
- itation process cannot be used as a support for a catalyst
or sensor which may be subject to substantially high
heat. In view of this, the precipitation process in pro- 50
duction of alumina is applicable for only limited fields of

use.
On the other hand, one of the typical methods for

controlling the porous structure of alumina is to use
organic compounds. Such methods have been proposed 55
in ““J. Catal.” Vol. 1, 1962, pages 1, 547 through 563, and
“Catalyst” Vol. 1, No. 3, 1978, page 144. In the pro-
posed process, an organic component is solved in solu-
tion of aluminium salt to obtain precipitation of alumina
or is added to alumina hydrate or dried gel. In general, 60
polyehthylene glycol, polyvinyl alcohol, polyacryl am-
ide, cellulose ether and so forth are used as the organic
compounds. The size of void of alumina through the
process set forth may range from 20 A to 100,000 A.
Such wide range vanation of the void size may make 65
alumina useless in applications such as a filter medium,
separation and purification agent, or absorption agent,
which require substantially high selectivity. Similar
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processes have also been proposed in Japanese Patent
First (unexamined) Publications (Tokkai) Showa
60-21802 and 61-68314. In the former Tokkai Showa
60-21802, there 1s proposed a process to precipitate
alumina from alumine acid natrium solution in the pres-
ence of an organic halogen compound. In the later
Tokkai Showa 61-68314, there 1s proposed a process of
gelation of metallic alkoxide in the presence of dihydric
alcohol or amino alcohol. In the former case, the void
size can be made to range between 10 A-and 30 A.
However, an alkaline component will remain in the
produced alumina causing a lowering of specific surface
area at high temperature. On the other hand, in the later
case, void size can be controlled to be less than or equal
to 10 A. However, in this case, void in the size range of

40 A to 500 A is also formed. Therefore, in the later
- case, it can be said that control of void size is not at all

complete.

Another approach has been pr0posed in “Catalyst”
Vol. 20, No. 2, 1978, pages 144 to 154. In this process,
alumina hydrate is subject treatment by Monohydric
alcohol or acid, and a limited specific surface area .
range, e.g. 197 m2/g to 300 m2/g or 199 m2/g to 230
m2/g is used. The alumina thus produced lacks heat
resistance and can cause lack of specific surface area at
high temperature range.

In order to improve the foregoing shortcomings in
the background art in production of alumina, U.S. pa-
tent application Ser. No. 07/403,517, filed on Sept. 6,
1989 with a claim to priority on the basis of Japanese
Patent Aplication No. 63-221448, filed on Sept. 6, 1988,
which has been assigned of the common owners to the
present invention, proposes a “PROCESS OF PRO-
DUCTION OF ALUMINA WITH HIGH SPECIFIC
SURFACE AREA”.

- SUMMARY OF THE INVENTION

" In view of the background art set forth above, it is a
principal object of the present invention to provide a
method for controlling specific surface area while pro-
viding satisfactorily high heat resistance and maintain-
ing satisfactorily high specific surface area even at a
high temperature range. -

In order to achieve the aforementloned and other
objects, a process of production of alumina, according
to the present invention, includes method for control- .
ling the specific surface area of alumina. Control of
specific surface area is performed by controlling the
porous structure of alumina. In the process, aluminium
alkoxide is subject hydrolysis and 1s used to form alu-
mina sol. During hydrolysis process, polyether is used
as organic solvent in order to control the porous struc-
ture of produced alumina.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be understood more fully
from the detailed description given herebelow and from
the accompanying drawings of the preferred embodi-
ment of the invention, which, however, should not be
taken to limit the invention to the specific embodiment
but are for explanation and understanding only.

In the drawings:

FIGS. 1(A), 1(B), 1(C), 1(D) and 1(E) respectively
show pore distribution of examples 1(b), 2{c), 6(c) and

2(c);
FI1G. 2 shows pore distribution of the comparative

example 1(b); and
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FIG. 3 shows a pore distribution of an alumina
treated by adding Carbowax. .

DETAILED DESCRIPTION OF THE
INVENTION

As set forth above, the process of production of uni-
form pore distribution and high specific surface area
alumina, according to the present invention includes a
step of dissolving aluminium alkoxide in an organic
solvent for causing reaction of the aluminium alkoxide
with the organic composition for forming sol. Then, the
sol 1s subject to a hydrolysis process for forming gel.
The gel 1s then dried and baked for obtaining alumina as
the final product. According to the present invention,
polyethers are used as the organic solvent. The poly-
‘ethers are found to be effective for controlling the po-
rous structure of alumina.

Preferable, the polyether to be used as organic sol-
vent can be expressed by the following formula:

R1(OR2)AOR 3),,(OR4),OR s

wherein R 1s alkyl group, R; to R4 are alkylene group
and Rs1s alkyl group or hydrogen, 1 is an integer start-
ing from one (1), m and n are integer starting from zero
(0) or one (1).

Reaction of aluminium alkoxide and polyether sol-
vent for forming the solution is performed in a tempera-
ture range of between 10° C. and the boiling point of the
polyether. The polyethers may include one (1) to
twelve (12) carbons in the alkyl group and two (2) to
sixteen (16) carbons in the alkylene group, and the sum
of 1, m and n is one (1) and six (6). Preferably, the poly-
ethers include from one (1) to eight (8) carbons in the
alkyl group and two (2) to twelve (12) carbons in the
alkylene group, and the sum of 1, m and n is between one
(1) and four (4).

Baking of dried alumina gel is performed at a temper-
ature in a range of 400° C. to 1200° C., and more prefer-
ably 1n a range of 600° C. to 1150° C.

Generally, aluminium ions may form tetracoor-
dinated tetrahedrons and octacoordinated octahedrons.
Alumina 1s a high molecular weight polymer created by
covalent bonding of the polygons at the peak, edge or
face via an oxygen or hydroxyl group. Accordingly,
various structure and various molecular alumina can be
produced depending upon kind and structure of hy-
droxide produced through hydrolysis process and
progress of dehydrating condensation. Naturally, the
specific surface area of alumina is variable depending
upon the molecular structure thereof. Generally, higher
specific surface area can be obtained with smaller mo-
lecular, structure in other words, smaller particles size
of the primary particle. Also, tetrahedron structure
provides higher specific surface area than an octahe-
dron. However, when the particle size is too small,
surface energy become excessive and the incidence of a
non-bridged hydroxyl group is increased. This causes a
high possibility of simple fusion or dehydrating fusion at
high temperature thus causing a lowering of specific
surface area. On the other hand, when an excess number
of tetrahedron structured aluminium particles are pres-
ent, the non-bridged coordinated water or hydroxyl
group 1s increased for neutrization of electric charge.
This also cause lowering of specific surface area. There-
fore, in order to obtain alumina with high specific sur-
face area at high temperature, a hydrolysis process and
dehydrating polymerization process must be appropri-
ately adjusted and controlled so as to obtain the appro-
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priate molecular structure of primary particles of alu-
mina. _ |

In view of this, according to the invention, hydrolysis
and condensation of aluminium alkoxide is controlled
by polyethers for controlling particle size and structure
and thus for controlling porous structure to control the
specific surface area. Polyether as used in the present
invention contains two or more oxygens which are
capable of coordination with aluminium ions. There-
fore, polyether can perform the reaction for forming
complex or reaction for ligand conversion. In these
reactions, unidentate ligand of aluminium ion will com-
bine with a single oxygen or chelete coordination or
form a bridging coordination with two or more oxy-
gens. However, since the coordination bond between
ether and oxygen is generally weaker than with the
hydroxyl group, it can be easily replaced with a hy-
droxy! group when attached. This property is effective
for performing hydrolysis and condensation. Therefore,
by blocking and bridging the coordinating point, i.e. the
peaks of the tetrahedron and octahedron, hydrolysis
and dehydrating polymerization of aluminium alkoxide
can be controlled. Thus, solution and gelation of alu-
minium alkoxide can be controlled. As a result, alumina
with uniform quality and with high specific surface area
at high temperature can be obtained.

Polyethers suitable for use in implementation of the
present invention can be illustrated by the formula:

R1(OR2){OR3)m(OR4),0Rs

where R to Rsmay include an unsaturated bond. How-
ever, it 1s preferable to exclude unsaturated bonds.
Therefore, R is an alkyl group, Rj to R4 are alkylene
groups and Rs is an alkyl group or a hydrogen, 1 is an
integers starting from one (1), m and n are integer start-
ing from zero (0) or one (1). When molecular weight
becomes great, the polyethers are generally in the solid
state and are thus cause difficult to use. For this reason,
it 1s preferred that that alkyl group contains one to
twelve (12) carbons and more preferably one to eight
(8), and the alkylene group contains (2) to sixteen (16)
carbons, and more preferably two to twelve (12) and
sum of 1, m and n is between one (1) and six (6), and
more preferably, one (1) through four (4).

A polyether satisfying the foregoing conditions may

- be selected from the following: diethylene glycol mono-

50

55

65

methylether, diethylene glycol dimethylether, diethyl-
ene glycol monoethylether, diethylene glycol die-
thylether, diethylene glycol dibuthylether, tetraethyl-
ene glycol dimethylether, ethyl cellosolve, dodecandiol
dimethylether, hexanediol dimethylether, hexanediol
diethylether, diethylene glycol monobuthylether, di-
propylene glycol dimethylether, diethylene glycol bu-
thylmethgylether and so forth.

Preferably, 0.5 mol or more of polyether is used for
every 1 mol of aluminum alkoxide in the present inven-
tion. Since the polyether forms a coordination bond
with aluminium alkoxide, excess amounts of polyether
may remain in the gel even after hydrolysis, thus mak-
ing the baking process dangerous. Therefore, the upper
limit for use of polyether is 5 mol, an preferably 3 mol.
On the other hand, when the amount of polyether ver-
sus the amount of aluminium alkoxide is too small, diffi-
culty may be caused in solving aluminium alkoxide to
cause a delay of reaction. In such a case, another solvent
may also be used in combination with polyether. Such
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an additional solvent may be selected among various
solvents which can solve both aluminium alkoxide and
polyether and which have a lower coordination bond-
ing ability than polyether. For example, hydrocarbon
halogenides, such as benzene or toluene, can be used as
the additional solvent. |

To implement the invention, 1t is possible to use any
alkoxide irrespective of type of alkyl group to form
aluminium alkoxide. Furthermore, material which is
easily solved by polyethers such as aluminium methox-
ide, aluminium ethoxide, aluminium iso-propoxide, alu-
minium n-propoxide, aluminium n-butoxide, aluminium
sec-butoxide, aluminium tert-butoxide and so forth may
be used in view of cost and processing ability. |

The temperature to solve the aluminium alkoxide In
polyether is not substantially unlimited and can be used
in a temperature range between the melting point and
boiling point of polyether. However, if the temperature
is too low, solving of aluminium alkoxide and complex
formation with polyether becomes acceptablly slow.
Therefore, preferred temperature range is 40° C. to 190°
C. |

The amount of water used in hydrolysis process is
closely related to the amount of alumina particies to be
produced and the specific surface area of alumina.
When the amount of water used in the hydrolysis pro-
cess is too small, the alumina gel after drying process
may contain unacceptably large amounts of organic
compounds to make it easy to cause fusion during high
temperature baking process. On the other hand, excess
amounts of water may create large molecular structures
of alumina particles produced through solation and
gelation process for reducing the specific surface area.
Therefore, the amount of water to be used in the hydro-
lysis process is preferred to be in the range of 0.5 mol to
20 mol, for every 1 mol of aluminium alkoxide, and
further, preferably in a range of 2 mol to 10 mol of
water for every 1 mol of aluminium alkoxide. Water
may be directly added, or, in the alternative added with
diluting by appropriate solvent.

In the preferred process of the invention, the solution

after adding the water is processed into gel form via sol
form. It is possible to dry the obtained sol under re-

duced pressure in ordinary process. In the alternative, it
may also be possible to put or impregnate the sol or
undried gel to honeycomb support and subsequently
dry under reduced pressure in ordinary way. Therefore,
any method may be used for drying the obtained gel.
After drying the gel, baking is performed for obtain-
ing a stronger structure of alumina. Furthermore, since
the alumina gel obtained through the process of the
present invention contains an organic compound such
as polyether, such as organic component has to be com-
pletely burnt. Therefore, it is desirable to perform bak-
ing process at a temperature higher than that normally
marketed. The preferred temperature of baking, in the
preferred process is in a range of 400° C. to 1200° C,,
and more preferably in a range of 600° C. to 1150° C. It
is possible to perform pre-heating before performing the
baking process in an atmosphere of nitrogen, argon,
helium and so forth. The pre-heating process may be
particularly effective in view of prevention of explosion
which may be caused by abrupt combustion of the or-
ganic component, when large amounts of alumina are to

be baked.

10

15

20

25

30

35

40

45

50

33

65

6
EXAMPLES

In order to demonstrate advantages of the alumina
production process with control of specific surface area
according to the present invention, in comparision with
the prior proposed processes, examples will be given
herebelow.

EXAMPLE 1

0.59 mol of aluminium isopmpoxide [A1(O-1s0-Pr)3]
was put in a beaker of 500 ml capacity. To this, diethyl-
ene glycol dimethylether was added and subject to
heating at a temperature of 120° C. with stirring for four
hours in a hot water bath for forming a melt. After four °
hours, the bath temperature was lowered to 100° C.
Subsequently, 90 g of water is added to the melt to form
a solution. The solution then left over a night at the
constant temperature (i.e. 100° C.) to obtain gel. The
obtained gel was transferred to eggplant flask. In the
flask, the obtained gel was subject to a drying process at
a process temperature in the range of 100° C. to 170° C.
under vacuum atmosphere. Through the drying pro-
cess, 53 g of dries gel was obtained. The gel was subject
to several stages of a baking process. The baking pro-
cess was performed at 300° C. for one hour, 450° C.,, for
one hour 600° C. for one hour and 800° C. for one hour.
Through baking, white alumina powder was obtained.
In addition, by performing further baking at 1020° C.
for three hours, similar white alumina powder was ob-
tained. For the later sample, pore distribution was mea-
sured by mercury pressurization The result of this mea-
surement is. shown in FIG. 1A. As can be seen from
FIG. 1A, the pore distribution of the sample exhibits a
high concentration around 100 A, having a peak at 100
A. Also, the specific surface areas of former and later
examples are shown in the appended table.

EXAMPLE 2

In place of diethylene glycol dimethylether of the
foregoing example 1, triethylene glycol dimethylether
was used. After adding water to the melt, the solution
thus obtained was left at room temperature for two
days. The remaining process performed are substan-
tially the same as the example 1. At the final baking
stage, sample (a) was obtained through baking at 600°
C. for three hours, sample (b) was obtained through
baking at 800° C. for three hours, and sample (c) was
obtained through baking at temperature 1020° C. Pore
distribution measured by mercury pressurization for the
sample (c) is shown in FIG. 1D. In this case, a high
concentration of pore distribution around 160 A with
sharp peak at 160 A was observed. The specific surface
areas of respective samples (a), (b) and (c) are shown in

the appended table.

EXAMPLE 3

0.59 mol of aluminium isopropoxide was put In a
beaker of 50 ml capacity. To this, 0.56 mol of tetraethyl-
ene glycol dimethylether was added. Then, the mixture
was heated with stirring at a temperature of 120° C. 1n
a hot water bath for four hours. The bath temperature
was thereafter lowered to 90° C. Subsequently, 90 g of
water was added to form a solution. The solution thus
formed was left at room temperature for two days to
obtain a gel. The obtained gel was transferred to an
eggplant flask and dried therein at a temperature in the
range of 130° C. to 170° C. Through the drying process,
76 g of dries gel was obtained. The gel was subject to
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several stages of a baking process. The baking process
was performed at 300° C. for one hour, 450° C,, for one

hour 600° C., for one hour 800° C. for one hour and
~ 1020° C. for one hour. Through baking, white alumina
powder was obtained. For the later sample, pore distri-
bution was measured by mercury pressurization. The
result of measurement is shown in FIG. 1E. As can be
seen from FIG. 1E, the pore distribution of the sample
exhibits high concentration around 180 A having a peak
at 180 A. Also, the Spec1fic surface areas of former and
later examples are shown in the appended table.

EXAMPLE 4

In place of diethylene glycol dimethylether, diethyl-
ene glycol diethylether was used. The reaction was
performed at 120° C. for five hours. Subsequent pro-
cesses were performed as in example 1. At the final
baking stage, sample (a) was obtained through baking at
600° C. for three hours, sample (b) was obtained
through baking at 800° C. for three hours, and sample
(c) was obtained through baking at 1020° C. Pore distri-
bution measured by mercury pressurization for the sam-
ple (c) is shown in FIG. 1B. In this case, high concentra-
tion of pore distribution around 135 A with sharp peak
at 155 A was observed. The specific surface areas of
respective samples (a), (b) and (c¢) are shown in the
appended table.

EXAMPLE 5

0.30 mol of aluminium isopropoxide was put in an
eggplant flask of 300 ml capacity. To this, 0.32 mol of
diethylene glycol di-n-buthylether was added. The mix-
ture was heated with stirring at 80° C. for eight hours.
For the melt, 50 g water was added to form a solution.
Thereafter, the solution was left at 80° for one day to
obtain a gel. The obtained gel was dried at 100° C. to
170° C. under vacuum atmosphere to obtain a dried gel.
The dried gel was heated at 300° C. for one hour and
subsequently, sample (a) was obtained through baking
at temperature of 450° C. for three hours and 600° C. for
three hours, sample (b) was obtained through further
baking at 800° C. for three hours, and sample (c) was
obtained through further baking at 1020° C. for three
hours. The specific surface areas of respective samples
(a), (b) and (c) are shown in the appended table.

EXAMPLE 6

Instead of performing the reaction at 80° C. for eight
hours, the reaction was performed at 120° for four
hours. Thereafter, the bath temperature was lowered to
100° C. Subsequently, the same operation as in example
5 was performed. At the final baking stage, sample (a)
was obtained through baking at a temperature of 600°
C. for three hours, sample (b) was obtained through
baking at a temperature of 800° C. for three hours, and
sample (c) was obtained through baking at temperature
1020° C. for three hours. Pore distribution measured by
mercury pressurization for sample (c) i1s shown in FIG.
1C. In this case, a high concentration of pore distribu-
tion around 170 A with sharp peak at 170 A was ob-
served. The specific surface areas of respective samples
(a), (b) and (c) are shown in the appended table.

EXAMPLE 7

Instead of performing the reaction at 120° C. for four
hours, reaction was performed at 150° for three hours.
Subsequently, the same operation as in example 6 was
performed. At the final baking stage, sample (a) was
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8
obtamned through baking at 800° C. for four hours, and

sample (b) was obtained through baking at 1020° C. for
three hours. The specific surface areas of respective
samples (a) and (b) are shown in the appended table.

EXAMPLE 8

0.58 mol of aluminium isopropoxide was put in a
beaker of 500 ml capacity. To this, 1.0 mol of diethylene
glycol monomethylether was added. Then, the mixture
was heated with stirring at 80° C. in a hot water bath for
six hours. Subsequently, 90 g of water was added to
form a solution. The solution thus formed was left at a
80° C. for one day to obtain a gel. The obtained gel was
transferred to an eggplant flask and dnied therein at a
temperature of between 100° C. and 170° C. Through
the drying process, 44 g of dried gel was obtained. The
gel was subject to several stages of a baking process.
The baking process was performed at 300° C. for one
hour, 450° C., 600° C. and 800° C. for respective three
hours to obtain white alumina powder. In addition,
further baking at 1020° C. for three hours was per-
formed. The specific surface areas of former and later
examples are shown in the appended table.

EXAMPLE 9

Instead of performing the reaction at 80° C. for six
hours, the reaction was performed at 120° for four and
half hours. Thereafter, the bath temperature was low-
ered to 100° C. Subsequently, the same operation to the
example 5 was performed. At the final baking stage,
sample (a) was obtained through baking at 600° C. for
three hours, sample (b) was obtained through baking at
800° C. for three hours, sample (c) was obtained
through baking at 1020° C. for three hours and sample
(d) was obtained through baking at 1020° C. for fourty-
eight hours. The specific surface areas of respective
samples (a), (b), (c) and (d)-are shown in the appended
table.

EXAMPLE 10

Instead of performing the reaction at 120° C. for four
and one half hours, the reaction was performed at 170°
for one and one half hours. Subsequently, the same
operation as in example 6 was performed. At the final
baking stage, sample (a) was obtained through baking at
800° C. for three hours, and sample (b) was obtained
through baking at 1020° C. for three hours. The specific
surface areas of respective samples (a) and (b) are
shown 1n the appended table.

EXAMPLE 11

In place of diethylene glycol dimethylether, diethyl-
ene glycol monoethylether was used. The reaction was
performed at 120° C. for six hours. Subsequent pro-
cesses were performed through the as in example 1. At
the final baking stage, sample (a) was obtained through
baking at 800° C. for three hours, sample (b) was ob-
tained through baking at 1020° C. for three hours. The
specific surface areas of respective samples (a) and (b)
are shown in the appended table.

EXAMPLE 12

Instead of performing reaction at 120° C. for six
hours, reaction was performed at 170° C. for one and
one half hours. Subsequently, the same operation as in
example 1 was performed. At the final baking stage,
sample (a) was obtained through baking at 800° C. for
three hours, and sample (b) was obtained through bak-
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ing at temperature of 1020° C. for three hours. The
specific surface areas of respective samples (a) and (b)
are shown in the appended table.

EXAMPLE 13

In place of diethylene glycol dimethylether, diethyl-
ene glycol mono-n-buthylether was used. The reaction
was performed at 120° C. for five hours. Subsequent
processes were performed through as in example 1. At
the final baking stage, sample (a) was obtained through
baking at 800° C. for three hours, sample (b) was ob-
tained through baking at 1020° C. for three hours. The
specific surface areas of respective samples (a) and (b)
are shown in the appended table.

EXAMPLE 14

In place of diethylene glycol dimethylether, ethylene
glycol monoethylether was used. The reaction was
performed at 120° C. for six hours. Subsequent pro-
cesses were performed as in example 1. At the final
baking stage, sample was obtained through baking at
800° C. for three hours. The specific surface areas of
respective samples (a) and (b) are shown 1in the ap-
pended table.

EXAMPLE 15

In place of diethylene glycol dimethylether, ethylene
glycol dimethylether was used. The reaction was per-
formed at 80° C. for one and one half hours and at 100°
C. for two and one half hours. Subsequent processes
were performed as in the example 1. At in final baking
stage, sample (a) was obtained through baking at 800°
C. for three hours, and sample (b) was obtained through
baking at 1020° C. for three hours. The specific surtace
areas of respective samples (a) and (b) are shown 1n the

appended table.

EXAMPLE 16

In place of diethylene glycol dimethylether, dipro-
pylene glycol dimethylether was used. The reaction
was performed at 120° C. for four hours. Subsequent
processes were performed as in example 1. At the final
baking stage, sample (a) was obtained through baking at
800° C. for three hours, sample (b) was obtained
through baking at 1020° C. for three hours. The specific
surface areas of respective samples (a) and (b) are
shown in the appended table.

10

15

10

COMPARATIVE EXAMPLE 1

A Solution of 201 g of aluminium suiphate and 200 ml
of water was formed. To this solution, an ammonia
water diluted by 200 ml of water was added to obtain
precipitate. After repeating decantation several times,
the precipitate was washed. The washed precipitate was
filtered and dried to obtain a dried gel. The dried gel
was baked at 300° C. for one hour, 450° C., 600° C. and
800° C. respectively for three hours to obtain a sample
(a). The resultant alumina was in white powder form. In
addition, further baking at 1020° C. for three hours was
performed for obtaining sample (b). Specific surface
area of the samples (a) and (b) are shown in the ap-
pended table. Also, with respect to sample (b), pore
distribution was measured by mercury pressurization.

" The result of this measurement is shown in FIG. 2.
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COMPARATIVE EXAMPLE 2

To a solution containing 155.5 g of aluminium sul-
phate, a solution of alumine acid natrium was added
until the pH reached seven (7). Precipitate was filtered.
Precipitate was then washed until precipitate was not
created by adding a solution of barium nitrate. The
precipitate was then dried and subject to baking at 300°
C. for one hour, 450° C., 600° C., 800° C. and 1020° C.
respective for three hours. The specific surface area 1s
shown in the appended table. | |

COMPARATIVE EXAMPLE 3

Pore distribution of alumina prepared by adding
polyethylene glycol as shown in aforementioned “Cata-
lyst” Vol. 20, No. 3, 1978, is shown in FI1G. 3.

As will be appreciated, the examples implementing
the present invention exhibit much higher uniformity of
pore distribution and higher specific surface area. The
excellent property of alumina produced by the process
of the invention can be appreciated by comparing the
pore distribution illustrated in FIG. 1 to FIG. 2. Fur-
thermore, the alumina produced through the process
according to the present invention can maintain satis-
factorily high specific surface area even at high temper-
ature.

Furthermore, since the process according to the in-
vention may have sol state of alumina. Impregnation or
putting of sol or undried gel can be easily done without
requiring any additive. '

Therefore, the present invention fulfills all of the
objects and advantages sought therefor.

TABLE |
| Specific
____Baking Condition Surface Area
Temp. (°C.) Time (H) (m?/g)

Kind of Polvether

M

Exam. 1la diethylene glycol dimethylether 800 3 206
1b 1020 3 151
Exam. 2a triethylene glycol dimethylether 600 3 304
2b ‘ ' 800 3 187
2c 1020 3 128
Exam. 3 tetoraethylene glycol dimethylether 1020 3 111
Exam. 4a diethylene glycol diethylether 600 3 369
4b 800 4 184
4c 1020 3 116
Exam. 3Ja diethylene glycol di-n-buthyiether 600 3 366
5b 800 4 208
S¢ 1020 3 131
Exam. 6a diethylene glycol di-n-buthylether 600 3 323
6b 800 4 208
6¢ 1020 3 102
Exam. 7a diethylene glycol di-n-buthylether 800 4 165
7b 1020 3 102
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TABLE-continued
Specific
- Baking Condition Surface Area

Kind of Polyether Temp. (°C.) Time (H) (mZ/g)
Exam. 8a diethylene glycol monomethylether 800 3 227
8b 1020 3 126
Exam. 9a diethylene glycol monomethylether 600 3 343
9b 800 3 229
9¢ 1020 3 133
9d | 1020 48 87
Exam. 10a diethylene glycol monomethylether 800 3 234
10b | 1020 3 132
Exam. 1lla diethylene glycol monoethylether 800 3 252
11b 1020 3 142
Exam. 122 diethylene glycol mono-n-buthylether 800 3 230
12b 1020 3 140
Exam. 13a diethylene glycol mono-n-buthylether 800 3 248
13b 1020 3 142
Exam. 14 ethylene glycol monethylether 800 3 195
Exam. 15a ethylene glycol dimethylether 800 3 190
15b 1020 3 116
Exam. 16a dipropylene glycol dimethylether 800 3 213

16b 1020 3 134
Comp. la  ammonia precipitation of aluminium sulphate 800 3 77
1b 1020 3 21
Comp. 2 mixing of aluminium sulphate and alumine 1020 3 63

acid natrium '

What is claimed is: 6. A process as set forth in claim 5, wherein said

1. A process for forming alumina comprising the  polyether includes from one to eight carbons in said
steps of: alkyl group and from two to twelve carbons in said

dissolving aluminum alkoxide in a polyether organic  alkylene group, and the algebraic sum of |, m and n is

solvent to form sol; 30 between zero and five.

forming a gel by hydrolyzing said sol; 7. A process as set forth in claim 1, wherein said

drying the obtained gel and baking the dried gel in  baking of said dried alumina gel is performed at a tem-

- order to obtain alumina. - | perature of between 400° C. and 1200° C.

2. A process as set forth in claim 1, wherein said 8. A process as set forth in claim 7, wherein said
polyether to be used as said organic solvent is expressed ;5 baking of said dried alumina gel is performed at a tem-
by the following formula: "~ perature of between 600° C. and 1150° C.

| | 9. A process as set forth in claim.6, wherein said
R1(OR2}AOR 3),n(OR4),OR5 | - polyether 1s selected from the group consisting essen-

. _ | tially of: . |
wherein Ry is an alkyl group, R; to R4 are alkylene a9 diethylene glycol monomethylether, diethylene gly-
groups and Rs is either an alkyl group or a hydrogen, col dimethylether, diethylene glycol monoethyl-
}vhere l1sa positive integer, a_n_d m 1S Zero or a positive ether, diethylene glycol dimethylether, ethyl cello-
Integer and n 1S zero or a positive integer. | solve, dedecandiol dimethylether, hexanediol

_3- A pr OCess set fOTFh in claim 2, wherein reaction of dimethylether, hexanediol diethylether, diethylene
said EIU-HHIHHH'.I alkoxide anc_l the pO]YEth?I' solvent to 45 g]ycol mongbuthy]ether, diprgpy]ene g]yco] dime-
form said sol is performeq in a temperature range of thylether, and diethylene glycol buthylemt-
between 10° C. and the boiling point of the polyether. hgylether.

4. A process set forth in claim 3, wherein the pre- 10. A process set forth in claim 1, wherein said alu-
ferred reaction temperature is between 40° C. and 190°  minium alkoxide is selected from the group consisting
C. _ | 4_ | 5o essentially of:

S. A process set forth in claim 2, wherein said poly- aluminium methoxide, aluminium ethoxide, alumin-
ether includes from one to twelve carbqns in said alkyl ium isopropoxide, aluminium n-propoxide, alumin-
group and from two to sixteen carbons in said alkylene jum n-butoxide, aluminium see-butoxide, and alu-
group, and wherein the algebraic sum of ], m and n is an minium tert-butoxide.

Integer between zero and seven. 5 _ * & x %
60
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